Abstract-Google Earth (GE) has become a powerful tool for geological modeling and visualization. An interesting and useful feature of GE, Google Street View, can allow the GE users to view geological structure such as layers of rock masses at a field site. In this paper, we introduce a practical solution for building 3D geological models for rock masses based on the data acquired by use with GE. A real study case at Haut-Barr, France is presented to demonstrate our solution. We first locate the position of HautBarr in GE, and then determine the shape and scale of the rock masses in the study area, and thirdly acquire the layout of layers of rock masses in the Google Street View, and finally create the approximate 3D geological models by extruding and intersecting. The generated 3D geological models can simply reflect the basic structure of the rock masses at Haut-Barr, and can be used for visualizing the rock bodies interactively.
INTRODUCTION
Google Earth (GE) is considered as a virtual globe and geographical information program, which has drawn increasing research interests in geospatial applications and technologies. The recent development and scientific applications of GE were summarized and reviewed in [1, 2] .
Keyhole Markup Language (KML) has become a standard for manipulating 3D geospatial data, which can be used in GE and the NASA World Wind. In scientific fields, many people have visualized specific data sets using GE based on KML or developed various applications by adding their own data.
Numerous tools or packages have been designed to convert specific data into the format of KML that can be imported to GE and then visualized, include csv2kml [3] , KML generators [4] , WKML [5] , RCMT [6] and S2K [7] . In [8] , Ballagh et al described various KML creation methods and gave a guide for selecting tools to author KML for use with scientific data.
Visualization of data sets in geosciences is one of the most interesting fields that GE is applied in. In [9] , Sheppard and Cizek reviewed the principles, benefits and risks of using GE for visualizing landscape. While in [10] , the GE is adopted to visualize volcanic gas plumes.
Recently, some applications based on GE are developed in various disciplines: Sun et al [11] have developed a web-based visualization platform for climate research based on GE; Chien and Tan [12] adopted GE as a tool to create 2-D hydrodynamic models; De Paor and Whitmeyer [13] developed KML codes to render geological maps and link associated COLLADA models to represent geological and geographical data.
Besides the applications described above, several other GE based applications also have been developed including ATDD [14] , GESO [15] , Vis-EROS [16] , ARMAP [17] and 4DPlates [18] . All of those applications either use GE to acquire specific kinds of data and then visualize the data in GE or import their own data sets into GE and display them.
An important and interesting feature of GE, Google Street View, has been integrated into GE that allows the users to view 3D objects such as buildings, structures and rocks on the street level view. This feature can be accepted to display and acquire detailed geological structure such as the layers of rock masses at a field site without planning a trip to visit the real site.
In this paper, we describe a useful approach for building the 3D geological model for the rock masses located in the selected study area, Haut-Barr, based on the geological data completely acquired from GE especially by taking advantage of the feature of GE, Google Street View. This paper is organized as follows. In Sect.2, the outline of building the 3D geological model based on GE is summarized. Sect.3 introduces the implementation of a real study case and shows how to build 3D geological models of the selected study area. Finally, in Sect.4 we conclude our work in this paper.
II. THE APPROACH
The 3D geological modeling technique is a powerful tool to depict and visualize geological and engineering realities. The acquisition of various data, e.g., the location, the geometric properties and geologic properties, of geological objects such as rock masses is the fundamental issue of building geological models and visualizing.
Taking a rock mass as an example, we need to determine where it locates, its shape and scale, the layers and faults. In some cases, we maybe should know the age and material of the rock mass. The conventional approach to obtain these data is to make a field trip to the site where the rock mass locates, and then record the needed data by measuring and experimental test.
By using GE, especially taking advantages of the feature, Google Street View, people can virtually visit the target field site and view those rock masses they are interested in.
In this paper, we present a simple solution of building 3D geological models without needing to make a time-cost field trip. All necessary data of the rock masses such as the locations, scales and shape, and layers and faults, are completely obtained by use with GE.
Our procedure of constructing the 3D geological models for rock masses can be summarized mainly in five steps:
Step 1: Determine the locations of the rock masses by using GE's location searching simply.
Step 2: Obtain the shapes and scales of the rock masses by measuring on the GE satellite images.
Step 3: View the rock structure such as layers and faults of the rock masses in the Google Street View.
Step 4: Draw the planar wireframe/line models of the rock masses according to their shape, scale, layers and faults.
Step 5: Building the 3D geological models by extruding the planar wireframe models to 3D ones and then conducting the intersection of the 3D models created by extruding.
The key issue in our procedure is to acquire the structure of rock masses. And in this paper, only simple structure such as layers of rock masses needs to be modeled for simulation.
III. CASE STUDY

A. The study area
The Haut-Barr / Château de Hohbarr, as shown in Figures 1  and 3 , is a medieval castle, first built in 1100 on a rose-colored sandstone rock 460m above the valley of Zorn and the plane of Alsace in France. The rock bar made of three consecutive rocks: the Septentrional Rock (labeled as 3 in Figure 3 ), the Median Rock (labeled as 2) and the Southernmost Rock that is best known as Markenfels (labeled as 1), has an altitude of 470m. Two of rock masses that labeled as 1 and 2, are joined by a foot bridge named Devil's Bridge. Since the 12th century, the HautBarr Castle has been built by Rodolphe, bishop of Strasbourg. 
B. Implementation of modeling 1) Shape and scale of the rock masses
The shape of Haut-Barr displayed with GE in the top view is shown in Figure 1 . We divide the rock masses into four parts: the three separated rock masses that labeled as 1 to 3 in Figure  3 and the base rock bar (labeled as 4) that the above three rock masses lay on. Figure 2 is the rough and planar wireframe model of HautBarr, which is drawn according to the view in Figure 1 . In addition, this line model is also composed of four parts. Above description is for acquiring the shape. Comparing to obtain the shape of Haut-Barr, the scale is much easier to determine. We first create a minimum bounding box, which virtually encloses the Haut-Barr; and the things we need to do next are to determine the three parameters of the minimum bounding box: length, width and height. Acquisition of the scale of Haut-Barr is exactly to obtain these parameters.
We simply use the measuring toolbar of GE to calculate the maximum length and width of Haut-Barr in meters. And we receive the altitude of the ground surface displaying on the screen by moving the cursor to the right positions on the GE client. The maximum altitude of the rock masses is 470m. The height of the visible rock masses is just the difference of the maximum altitude, 470m, to the altitude of the terrain.
The average altitude of the terrain displayed in GE is 425m, thus the maximum visible length of the rock masses is 45m. We simply extend this distance to be a little larger, i.e. 50m, with considering the underground parts of the rock masses.
In summary, the scale of Haut-Barr, which is represented using a bounding box, consists of 255m, 70m and 50m in length, width and height, respectively.
2) Structures of the rock masses
In engineering geology and geotechnical engineering, the rock structure of rock masses including rock bodies and various structural planes such as layers, faults and joints is the key issue that needs to be considered. In general, engineers need to make a field trip to the site where the rock masses locate to view and record the details of rock structure. This approach of acquiring the geometric and geologic information about the rock masses is quite meaningful and essential, especially when the rock structure is complex.
Taking advantage of the feature, Google Street View, we visit Haut-Barr in a virtual field trip and view the layers of the rock masses, as shown in Figure 4 . According to the layers displayed in GE, a wireframe model that can be approximately represented the layout of layers is created, shown in Figure 5 . 
3) 3D geological models of the rock masses
The original 3D geological models are created by extruding the wireframe models shown in Figures 2 and 5 along specific directions, as shown in Figure 6a . These models are of 255m, 70m and 50m in length, width and height, respectively.
In Figure 6b , the original 3D models created by extruding are put together to show the overlap. And then the intersection of this pair of 3D models is conducted to generate the final and approximate 3D geological models of the rock masses at HautBarr, as shown in Figure 6c .
IV. SUMMARY
In this paper, we introduce a practical solution for building the 3D geological models for rock masses based on the data sets that are completely acquired by use with GE, especially the interesting and important feature of GE, Google Street View.
The data sets of the rock masses obtained from GE include the location, geometric properties such as shape and scale, and rock structure such as layers. We also provide a real study case to demonstrate the procedure of acquiring desired data by using GE, and then build 3D geological models for Haut-Barr.
We first locate the position of Haut-Barr in GE, and then determine the shape and scale of rock masses in the study area, and thirdly acquire the layout of layers of rock masses by use with the GE feature Google Street View, and finally generate the approximate 3D geological models by extruding the planar wireframe models to form original 3D models and conducting the intersecting of the two original 3D models.
The generated 3D geological models can represent the basic structure of the rock masses at Haut-Barr well, and can be used for visualizing the rock bodies interactively. In the future, these 3D geological models can be modified and edited to be more complex to reflect more realities of the rock masses, and can be used as computational models in numerical simulation such as analyzing the stabilities of rocks.
